ACTIVE MATRIX SUBSTRATE AND 
DISPLAY DEVICE 

BACRGS0DND THE INVENTION 
[0001] The present invention relates to a display de- 

vice and an active matrix substrate used for the display 
device. ; 

[0002] Among thin, low-power liquid crystal display 

(LCD) devices, active matrix LCD devices having switching 
elements for respective pixels exhibit high- contrast dis- 
play and fast response speed. Having such high perform- 
ance, the active matrix LCD devices have found 
applications in various fields including displays of per- 
sonal computers and the like and portable TVs , and thus 
recently the market scale thereof has rapidly expanded . 
Among others, thoise having thin film transistors (TFTs) as 
the switching elements (hereinafter, such display devices 
are occasionally called "TFT type LCD devices") have been 
widely used. 

[0003] Note that one of the substrates constituting an 

active matrix LCD device that includes switching elements 
is herein called an "active matrix substrate", and in par- 
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ticular, an active matrix substrate including TFTs as the 
switching elements is called a "TFT substrate" . Typi- 
cally, an active matrix LCD device includes an active ma- 
trix substrate, a counter substrate and a liquid crystal 
layer interposed between these substrates . A voltage is 
applied across the liquid crystal layer via a pixel elec- 
trode formed on the active matrix substrate and a counter 
electrode (common electrode) formed on the counter sub- 
strate, to change the aligned state of the liquid crystal 
layer. With this change of the aligned state, the polar- 
ized state of light passing through the liquid crystal 
layer is controlled, to thereby provide display. Note 
that in an in-plane switching (IPS) mode LCD device, the 
active matrix substrate includes both the pixel electrodes 
(display signal electrodes) and the counter electrode. 

[0004] Improvement in light resistance, together with 

enhancement in luminance (aperture ratio) and definition, 
are problems to be overcome in technical development of 
the TFT type LCD devices. The reason is that intense 
light incident on a semiconductor layer (silicon layer) 
constituting a TFT will cause generation of leak current > 
and this will degrade the display quality. In particular. 
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in a projection display device, among the TFT type LCD de- 
vices, higher luminance and higher definition of a liquid 
crystal panel are strongly demanded. In addition, since 
the liquid crystal panel is irradiated with more intense 
light than a liquid crystal panel of a direct -view display 
device, there is a tight request for the light resistance. 

[0005] Japanese Laid-Open Patent Publication No. 2001- 

66638 (Literature 1), for example, discloses a TFT type 
LCD device that succeeded in increasing the pixel aperture 
ratio and improving the light shielding property for a 
semiconductor layer of each TFT. In a TFT substrate dis-- 
closed in Literature 1, a storage capacitor is formed in a 
TFT portion (portion of the TFT substrate in which each 
TFT is formed) at a position underlying the semiconductor 
layer of each TFT, and electrodes of the storage capacitor 
are used as a light -shielding layer. 

[0006] However, the LCD device disclosed in Literature 

1 has a problem that while light incident from below the 
TFT (from the substrate side) can be sufficiently blocked 
with the electrodes of the storage capacitor, light inci- 
dent from above the TFT or the sides thereof fails to be 
sufficiently blocked. 



[0007] The reason is as follows * Light incident from 

above and the sides is supposed to be blocked by a source 
electrode layer (including a source electrode, a source 
interconnection and a drain electrode) placed above a gate 
electrode via an interlayer insulating film and an upper 
light -shielding layer placed above the source electrode 
layer, as shown in FIG. 1 of Literature 1. The source in^ 
terconnection may form parasitic capacitance with another 
conductive layer, and this will adversely affect a display 
signal (display signal voltage) passing through the source 
interconnection. In particular, if the source intercon- 
nection forms large parasitic capacitance with a gate in-^ 
terconnection, a phenomenon called crosstalk and a ghost 
occurs in the LCD device, and this may possibly degrade 
the display quality. For this reason, in adoption of the 
LCD device described in Literature 1, it is required to 
sufficiently thicken an interlayer insulating film formed 
between the source electrode layer and a gate electrode 
layer. This increases the gap between the source elec- 
trode layer and the semiconductor layer and, as a result, 
allows light to enter the semiconductor layer through the 
gap. 



4 



[0008] Literature 1 also discloses a configuration in 

which a drawing electrode for connecting one of the elec- 
trodes of the storage capacitor formed in the lowermost 
layer and a drain region of the semiconductor layer is 
formed from a common conductive layer with the gate elec- 
trode. In this configuration, since the drawing electrode 
must be separated from the gate electrode, light is al- 
lowed to enter the semiconductor layer through the gap be- 
tween the gate electrode and the drawing electrode. 

[0009] Liquid crystal display devices were used to de- 

scribe the problems related to the conventional active ma- 
trix display devices. However, the problems described 
above are not limited to liquid crystal display devices > 
but also arise in other non-self emitting display devices 
including an electrophoresis display device, for example. 

[0010] In view of the problems described above, an ob- 

ject of the present invention is providing an active ma- 
trix display device having a storage capacitor for each 
pixel, in which light is effectively blocked from entering 
a semiconductor layer while reduction in aperture ratio is 
suppressed, and ,an active matrix substrate used for the 
active matrix display device. 
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SUMMARY OF THE INVENTIGN 
[0011] To attain the object described above, the active 

matrix substrate of the present invention is an active ma-- 
trix substrate including a plurality of semiconductor ele- 
ments formed on a board* A semiconductor element portion 
of the active matrix substrate, in which the plurality of 
semiconductor elements are formed, includes: a storage ca^ 
pacitor formed on the board; a first insulating layer 
formed on the storage capacitor; a semiconductor layer 
formed above the storage capacitor via the first insulat- 
ing layer: a gate insulating layer formed on the semicon- 
ductor layer; a gate electrode layer including a gate 
electrode formed above the semiconductor layer via the 
gate insulating layer; a second insulating layer covering 
the gate electrode layer and the semiconductor layer; a 
first light -shielding layer formed above the semiconductor 
layer via the second insulating layer to cover at least a 
channel region of the semicdnductor layer; a third insu- 
lating layer formed on the first light -shielding layer; a 
source electrode layer including a source electrode and a 
drain electrode formed on the third insulating layer; a 



fourth insulating layer formed on the source electrode 
layer; and a pixel electrode formed on the fourth insulat- 
ing layer and electrically connected to the drain elec- 
trode, wherein the first light -shielding layer is 
conductive and has a drain -side light -shielding portion 
electrically connected to one of a pair of electrodes of 
the storage capacitor and also electrically connected to 
the drain electrode. 

[0012] In a preferred embodiment, the first light - 

shielding layer further has a source -side light- shielding 
portion electrically connected to the source electrode. 

[0013] In a preferred embodiment, the first light- 

shielding layer further has a middle light -shielding por- 
tion having no electrical connection with the source elec- 
trode or the drain electrode, and the middle light - 
shielding portion is placed above the channel region. 

[0014] In a preferred embodiment, the middle light - 

shielding portion is held at a constant voltage. 

[0015] In a preferred embodiment, the first light- 

shielding layer further has a source -side light -shielding 
portion connected to the source electrode, the first and 
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second insulating layers have a contact hole for connect- 
ing the first light -shielding layer and the one of the 
electrodes of the storage capacitor, and the second insu- 
lating layer further has a first contact hole for connect- 
ing the drain-side light -shielding portion and a second 
contact hole for connecting the source-side light- 
shielding portion and the source region of the semiconduc- 
tor layer, the third insulating layer has a third contact 
hole for connecting the drain electrode and the drain- side 
light -shielding portion and a fourth contact hole for con- 
necting the source electrode and the source-side light- 
shielding portion, and the first contact hole and the 
third contact hole are placed to be in line with each 
other, and the second contact hole and the fourth contact 
hole are placed to be in line with each other. 

[0016] Tn a preferred embodiment, the semiconductor 

layer has LDD regions on both sides of the channel region, 
and the first light -shielding layer is placed above at 
least the channel region and the LDD regions. 

[0017] In a preferred embodiment, the first light- 

shielding layer further has a middle light -shielding por- 
tion having no electrical connection with the source elec- 
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trode or the drain electrode, and the middle light - 
shielding portion is placed above the channel region and 
the LDD regions. 

[0018] In a preferred embodiment, the middle light - 

shielding portion is held at a constant potential. 

[0019] In a preferred embodiment, the active matrix 

substrate further includes, between the source electrode 
layer and the fourth insulating layer, a fifth insulating 
layer covering the source electrode layer, and a second 
light -shielding layer formed above at least a gap between 
the source electrode and the drain electrode via the fifth 
insulating layer. 

[0020] The display device of the present invention in- 

cludes any of the active matrix substrates described above 
and a display medium layer. The display device of the 
present invention is a non-self emitting display device 
having a liquid crystal layer, an electrophoresis layer or 
the like as the display medium layer. 

BRIEF DESCRIPTIGN OF THE DRAWINGS 
[0021] FIG. 1 is a diagraimnatic cross -sectional view of 

the structure of a TFT portion 10 of a TFT substrate of 
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Embodiment 1 according to the present invention. 

[0022] FIGS. 2A to 2D are cross-sectional views demon- 

strating a fabrication process of the TFT portion 10 of 
the TFT substrate of Embodiment 1. 

[0023] FIGS. 3A to 3D are plan views demonstrating the 

fabrication process of the TFT portion 10 of the TFT sub- 
strate of Embodiment 1 . 

[0024] FIG. 4 is a diagrammatic cross -sectional view of 

the structure of a TFT portion of an alteration to the TFT 
substrate of Embodiment 1 according to the present inven- 
tion. 

[0025] FIG. 5 is a diagrammatic cross -sectional view of 

the structure of a TFT portion of another alteration to 
the TFT substrate of Embodiment 1 according to the present 
invention. 

[0026] FIG. 6 is a diagrammatic cross -sectional view of 

the structure of a TFT portion of yet another alteration 
to the TFT substrate of Embodiment 1 according to the pre- 
sent invention. * 

[0027] FIG. 7 is a diagrammatic cross -sectional view of 

the structure of a TFT portion of yet another alteration 
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to the TFT substrate of Embodiment 1 according to the pre- 
sent invention. 

[0028] FIG. 8 is a diagrammatic cross -sectional view of 

the structure of a TFT portion of a TFT substrate of Em- 
bodiment 2 according to the present invention. 

[0029] FIGS. 9A to 9D are cross-sectional views demon- 

strating a fabrication process of the TFT portion of the 
TFT substrate of Embodiment 2 . 

[0030] FIG. 10 is a diagrammatic cross -sectional view 

of the structure of a TFT portion of an alteration to the 
TFT substrate of Embodiment 2 according to the present 
Invention. 

[0031] FIG. 11 is a diagrammatic cross -sectional view 

of the structure of a TFT portion of another alteration to 
the TFT substrate of Embodiment 2 according to the present 
invention. 

[0032] FIGi 12 is a diagrammatic cross -sectional view 

of the structure of a TFT portion of yet another altera- 
tion to the TFT substrate of Embodiment 2 according to the 
present invention . 

[0033] FIG. 13 is a diagrammatic cross -sectional view 
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of the structure of a TFT portion of yet another altera- 
tion to the TFT substrate of Embodiment 2 according to the 
present invention. 

DETAILED DESCRIPTION OF THE IMVENTION 
[0034] Hereinafter, a structure of a display device ac- 

cording to the present invention, in particular, a struc- 
ture of an active matrix substrate of the display device 
and a fabrication method thereof will be described. 

[0035] Herein, to describe embodiments of the present 

invention, a typical active matrix liquid crystal display 
(LCD) device, having pixel electrodes formed on an active 
matrix substrate and a counter electrode opposed to the 
pixel electrodes via a liquid crystal layer, is used as 
the display device. Note however that the present inven- 
tion is also broadly applicable to LCD devices having 
other electrode placements such as the IPS mode and other 
non-self emitting display devices including an electropho- 
resis display device. 

[0036] An LCD device of an embodiment of the present 

invention includes a TFT substrate (active matrix sub- 
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strate) having TFTs (semiconductor elements) for respec- 
tive pixel electrodes, a liquid crystal layer (display me- 
dium layer) and a counter substrate having a counter 
electrode opposed to the pixel electrodes via the liquid 
crystal layer. For the part of the LCD device other than 
the TFT substrate, any known configurations can be widely » 
adopted. Hereinafter, therefore, only the configuration 
of the TFT substrate and its fabrication method will be 
described. 

[0037] The TFT substrate of the embodiment of the pre- 

sent invention includes a storage capacitor formed on a 
board (transparent board such as glass board, for example). 
A semiconductor layer of each TFT is formed above the 
storage capacitor via a first insulating layer. A pair of 
electrodes of the storage capacitor, opposed to each other 
via a dielectric layer constituting the storage capacitor, 
function as a lower light -shielding layer blocking light 
from entering the semiconductor layer of the TFT from be- 
low. By use of the electrodes of the storage capacitor as 
the lower light -shielding layer, a high pixel aperture ra- 
tio is attained as in the conventional active matrix sub- 
strate described above. 
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[0038] The TFT substrate of the embodiment also in- 

cludes a gate insulating layer formed on the semiconductor 
layer, a gate electrode layer including a gate electrode 
(a single conductive layer also including a gate intercon- 
nection) formed above the semiconductor layer via the gate 
insulating layer, a second insulating layer covering the 
gate electrode layer and the semiconductor layer, and a 
first light -shielding layer formed above the semiconductor 
layer via the second insulating layer to cover at least a 
channel regipn of the semiconductor layer. The TFT sub- 
strate further includes a third insulating layer formed on 
the first light -shielding layer, a source electrode layer 
including a source eilectrode and a drain electrode (a sin- 
gle conductive layer also including a source interconnec- 
tion) formed on the third insulating layer ^ a fourth 
insulating layer formed on the source electrode layer, and 
a pixel electrode formed on the fourth insulating layer 
and electrically connected to the drain electrode. 

[0039] The first light -shielding layer is conductive 

and has a drain-side light -shielding portion electrically 
connected to one of the pair of electrodes constituting 
the storage capacitor and also electrically connected to 
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the drain electrode. In other words, the first light - 
[Shielding layer, placed between the gate electrode layer 
and the source electrode layer, shields at least the chan- 
nel region of the semiconductor layer from light, and yet 
is electrically connected to the drain region of the semi- 
conductor layer in its drain-side light-shielding portion. 
The drain- side light -shielding portion may be directly 
connected to (in direct contact with) the drain region, or 
may be electrically connected to the drain region via the 
pixel electrode. 

[0040] Since the first light ^shielding layer is a sepa- 

rate layer from the gate electrode layer, it can be formed 
into a shape surrounding the gate electrode, and therefore 
light can be effectively blocked from entering the channel 
region of the semiconductor layer from above. In addition, 
the first light -shielding layer intervenes in electrical 
connection between the drain region of the semiconductor 
layer and the electrode of the storage capacitor and elec- 
trical connection between the drain region and the drain 
electrode. By this intervention, contact holes for these 
electrical connections can be comparatively shallow. This 
advantageously suppresses occurrence of a break in a con- 
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tact hole portion (disconnection of a conductive layer at 
a step) . 

[0041] Since the first light -shielding layer is a sepa- 

rate layer from the source electrode layer, parasitic ca- 
pacitance between the first light -shielding layer and the 
gate interconnection does not so much affect the display 
quality as parasitic capacitance between the source inter- 
connection and the gate interconnection does. Also, such 
parasitic capacitance only affects the pixel concerned in- 
dividually. Therefore, the interlayer insulating film 
formed between the first light -shielding layer and the 
gate electrode layer can be made thinner than the inter- 
layer insulating film formed between the source eliBctrode 
layer and the gate electrode layer described in Literature 
1. This means that the first light --shielding layer can be 
placed closer to the semiconductor layer than in the con- 
ventional case and, as a result, light can be more effec- 
tively blocked from entering the semiconductor layer 
(channel region, in particular) . 

[0042] The first light -shielding layer may also have a 

source r side light -shielding portion electrically connected 
to the source electrode. The first light -shielding layer 
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may further have a middle light -shielding portion having 
no electrical connection with the source electrode or the 
drain electrode. The middle light -shielding portion, if 
provided, may be placed above the channel region. Such a 
middle light -shielding portion, which is electrically in- 
dependent of the source electrode and the drain electrode, 
can be held at a constant potential. 

[0043] When the semiconductor layer has LDD regions on 

both sides of the channel region, the first light - 
shielding layer is preferably placed above at least the 
channel region and the LDD regions. In this case, also, 
the first light -shielding layer may have the source -side 
light -shielding portion and the middle light -shielding 
portion in addition to the drain-side light -shielding por- 
tion as described above. 

[0044] A display panel having the active matrix sub- 

strate of the embodiment of the present invention, which 
can provide a high aperture ratio and an excellent light - 
shielding property, is suitably used for a display device 
of which the display panel is irradiated with intense 
light, such as a projection display device. 



17 



(Embodiment 1) 

[0045] The structure and fabrication method of a TFT 

portion of a TFT substrate of Embodiment 1 of the present 
invention will be described with reference to FIGS. 1, 2A 
to 2D and 3A to 3D. A known structure may be adopted for 
the other part of the TFT substrate, of which description 
is therefore omitted here. 

[0046] FIG. 1 is a diagrammatic cross -sectional view of 

the structure of a TFT portion 10 of the TFT substrate, 
FIGS. 2A to 2D and FIGS. 3A to 3D are cross -sectional 
views and plan views, respectively, demonstrating a fabri- 
cation process of the TFT portion 10. The cross-sectional 
views of FIGS. 1 and 2A to 2D are views taken along line 
A- A' in FIGS. 3A to 3D. 

[0047] As shown in FIG. 1, the TFT portion 10 includes 

a first storage capacitor electrode 12, a storage capaci- 
tor dielectric layer 13 and a second storage capacitor 
electrode 14 formed on a transparent board (glass board, 
for example) 11. The overlap region of these components 
constitutes a storage capacitor. 

[0048] A first insulating layer 15 is formed covering 

the storage capacitor, and a semiconductor layer 16 is 
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formed on the first insulating layer 15. The semiconduc- 
tor layer 16 has a source region 16a, a drain region 16b 
and a channel region 16o formed between the source and 
drain regions. A gate insulating layer 17 is formed cov- 
ering the semiconductor layer 16, and a gate electrode 18 
is formed above the channel region 16c via the gate insu- 
lating layer 17. The gate electrode 18 is formed from a 
common conductive layer (gate electrode layer) with a gate 
interconnection (scanning line, not shown). 

[0049] A second insulating layer 19 is formed covering 

the gate electrode layer including the gate electrode 18, 
and a first light -shielding layer is formed on the second 
insulating layer 19. The light -shielding layer shown in 
FIG. 1 has two separate parts, a source-side light- 
shielding portion 21a and a drain-side light -shielding 
portion 21b. The source- side light -shielding portion 21a 
covers an area of the semiconductor layer 16 including the 
channel region 16c ; 

[00501 The source- side light -shielding portion 21a is 

connected to the source region 16a of the semiconductor 
layer 16 via a first source contact hole 20a formed 
through the second insulating layer 19 and the gate insu- 
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lating layer 17. The drain-side light -shielding portion 
21b Is connected to the drain region 16b of the semicon- 
ductor layer 16 via a first drain contact hole 20b formed 
through the second Insulating layer 19 and the gate Insu- 
lating layer 17. The drain-side light -shielding portion 
21b Is also connected to the first storage capacitor elec- 
trode 12 via a storage capacitor contact hole 20o formed 
through the second insulating layer 19, the gate insulat- 
ing layer 17 and the first insulating layer 15. The con- 
tact holes 20a and 20b also function to block light from 
entering the channel region 16g from the sides . 

[0051] A third insulating layer 22 is formed covering 

the first light -shielding layer, and a source electrode 
24a and a drain electrode 24b are f dinned on the third in- 
sulating layer 22. The source electrode 24a and the drain 
electrode 24b are formed from a common conductive layer 
(source electrode layer) with a source interconnection 
(signal line, not shown). The source electrode 24a is 
connected to the source -side light -shielding portion 21a 
via a second source contact hole 23a formed through the 
third insulating layer 22. The drain electrode 24b is 
connected to the drain-side light -shielding portion 21b 
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via a second drain contact hole 23b formed through the 
third insulating layer 22. 

[0052] A fourth insulating layer 27 is formed on the 

source electrode 24a and the drain electrode 24b, and a 
pixel electrode 29 is formed on the fourth insulating 
layer 27. The pixel electrode 29 is connected to the 
drain electrode 24b via a pixel electrode contact hole 28 
formed through the fourth insulating layer 27. The pixel 
electrode 29 is typically formed from a transparent con- 
ductive layer. 

[0053] The illustrated embodiment further includes a 

fifth insulating layer 25 and a second light -shielding 
layer (upper light -shielding layer) 26 between the source 
electrode layer including the source electrode 24a and the 
drain electrode 24b and the fourth insulating layer 27. 
The fifth insulating layer 25 is formed covering the 
source electrode layer, and the second light -shielding 
layer 26 is formed above at least a gap between the source 
electrode 24a and the drain electrode 24b via the fifth 
insulating layer 25. By providing the second light - 
shielding layer 26, the amount of light incident on the 
channel region 16c of the semiconductor layer 16 can be 
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reduced . 

[0054] Hereinafter, a fabrication method of the TFT 

substrate having the TFT portion 10 will be described with 
reference to FIGS. 2A to 2D and 3A to 3D. 

[0055] First, as shown in FIG. 2A, a polysilicon film 

containing phosphorus (P) element in high concentration is 
deposited on the transparent board 11 to a thickness of 
100 nm by CVD, and patterned into a predetermined shape by 
a general photolithographic process and dry etching proc- 
ess to obtain the first storage capacitor electrode 12. 

[0056] A silicon oxide film having a thickness of 10 nm 

to 100 nm is formed over roughly the entire surfaces of 
the transparent board 11 and the first storage capacitor 
electrode 12. The silicon oxide film is used as the stor- 
age capacitor dielectric layer 13. The capacitance of the 
storage capacitor will be greater as the dielectric layer 
13 is thinner. However, an excessively thin dielectric 
layer 13 may increase leak current and cause dielectric 
breakdown with high possibility. In this embodiment,, 
therefore, the thickness of the storage capacitor dielec- 
tric layer 13 is set at 50 nm considering both the capaci- 
tance of the storage capacitor and the leak current. The 
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resultant substrate is then annealed at a temperature of 
900* C or more to improve the quality of the storage ca- 
pacitor dielectric layer 13. In this annealing, oxygen or 
chlorine gas is included in, the annealing atmosphere. 
Since the first storage capacitor electrode 12 is formed 
of a film containing Si as a main component, thermal oxi- 
dation occurs with such gas simultaneously with the an- 
nealing. This enables formation of a high-quality storage 
capacitor dielectric layer 13 with reduced leak current. 

[0057] A polysilicon film containing P element in high 

concentration having a thickness of 50 nm and then a tung- 
sten silicide film having a thickness of 100 nm are formed 
sequentially on roughly the entire surface of the storage 
capacitor dielectric layer 13. The tungsten silicide film 
and the polysilicon film are then patterned into a prede- 
termined shape by a general photolithographic process and 
dry etching process to obtain the second storage capacitor 
electrode 14. The second storage capacitor electrode 14, 
having the layer containing metal tungsten, alisb functions 
as a lower light -shielding layer for the TFT. Also, to 
provide a function as a storage capacitor interconnection, 
the second storage capacitor electrode 14 may be formed 
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into a wiring pattern or a lattice shape, to enable direct 
application of external potential. 

[0058] The first and second storage capacitor elec- 

trodes 12 and 14 and the storage capacitor dielectric 
layer 13 constitute the storage capacitor of the pixel 
concerned. The second storage capacitor electrode 14 may 
be formed of a light -shielding metal film other than the 
tungsten silicide/polysilicon film. 

[0059] As shown in FIGS. 2B and 3A, a silicon oxide 

film is formed to a thickness of about 300 nm by CVD as 
the first insulating layer 15, and sequentially aii amor- 
phous silicon film is formed to a thickness of about 50 nm. 
The amorphous silicon film is crystallized to form the 
crystalline silicon layer (semiconductor layer) 16. The 
crystallization may be made by heating the amorphous sili- 
con at a temperature of 600'* C or more or irradiating the 
amorphous silicon with excimer laser light, for example. 
The first insulating layer 15 may . not necessarily be 
formed of the silicon oxide film, but may be formed of a 
silicon nitride film, a silicon oxide nitride film or a 
composite film thereof. 

[0060] The crystalline silicon layer 16 is patterned 
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into a predetermined shape by photolithography and dry 
etching, and then a silicon oxide film is formed to a 
thickness of about 80 nm as the gate insulating layer 17. 
A polysilicon film containing P element in high concentra- 
tion is then deposited on the gate insulating layer 17 to 
a thickness of 400 nm, and patterned into a predetermined 
shape by photolithography and dry etching to obtain the 
gate electrode 18. A gate interconnection is also formed 
in this process step simultaneously. 

[0061] The crystalline silicon layer 16 should be pat- 

terned so that at least a portion thereof to be used as 
the channel region l6c coincide with any of the first and 
second storage capacitor electrodes 12 and 14 as viewed 
from right above. This is because the first or second 
storage capacitor electrode 12 or 14 is used as the lower 
light -shielding layer for the TFT. 

[0062] Using the gate electrode 18 . as the mask, phos- 

phorus ions are implanted in the crystalline silicon layer 
16 in an amount of about 2 x lo^^ atoms/cm^, to form the 
source region 16a and the drain region 16b. The portion 
left unimplanted constitutes the channel region 16o. 

[0063] As shown in FIGS. 2C and 3B, a silicon oxide 
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film is formed on the gate electrode 18 and the gate insu- 
lating layer 17 to a thickness of 200 nm as the second in- 
sulating layer 19. The first source contact hole 20a and 
the first drain contact hole 20b are then formed simulta- 
neously through the second insulating layer 19 by a gen- 
eral photolithographic process and etching process, 
exposing the source region 16a and the drain region 16b in 
the holes, respectively. Also^ the storage capacitor con- 
tact hole 20o is formed to reach the first storage capaci- 
tor electrode 12 . 

[0064] A polysilicon film containing P element in high 

concentration having a thickness of 100 rim and then a 
tungsten silicide film having a thickness of 100 nm are 
formed sequentially on roughly the entire surface of the 
resultant substrate, and patterned into a predetermined 
shape by a general photolithographic process and dry etch- 
ing process, to obtain the source-side light -shielding 
portion 21a connected to the source region 16a via the 
first source contact hole 20a and the drain-side light- 
shielding portion 21b connected to the drain region 16b 
via the first drain contact hole 20b. The source-side 
light -shielding portion 21a is formed to cover at least 
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the channel region 16o. 

[0065] By forming as described above ^ the llght- 

shleldlng layer can be placed near the channel region 16c. 
This Improves the light shielding property against light 
entering the channel region 16o from the sides, which is 
conventionally insufficient, and thus improves the display 
quality. 

[0066] Moreover, the drain- side light -shielding portion 

21b, connected to the drain region 16b, is also connected 
to the first storage capacitor electrode 12 via the stor- 
age capacitor contact hole 20o. Therefore, the connection 
with the drain region 16b of the TFT can be attained with- 
out the necessity of providing a too deep contact hole for 
connection with the storage capacitor placed below the TFT. 
Thus, a sufficient margin can be given for possible in- 
process failure due to overetchlng during dry etching, 
such as penetration and contact cut at a step. This con- 
tributeis to improvement of the productivity and yield of 
the TFT substrates. 

[0067] Thereafter, as shown in FIGS. 2D and 3C, a sili- 

con oxide film is formed on roughly the entire surface of 
the resultant substrate to , a thickness of 500 nm by CVD as 
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the third insulating layer 22. The. resultant substrate is 
then heat-treated at 950' C in a nitrogen atmosphere for 30 
minutes to activate the phosphorus ions implanted in the 
source region 16a and the drain region 16b. The second 
source contact hole 23a and the second drain contact hole 
23b are then formed simultaneously through the third insu- 
lating layer 22 by a general photolithographic process, 
wet etching process and dry etching process, to reach the 
source-side light -shielding portion 21a and the drain-side 
light -shielding portion 21b, respectively. The third in- 
sulating layer 22 may not necessarily be formed of the 
silicon oxide film, but may be formed of a silicon nitride 
film, a silicon oxide nitride film or a composite film 
thereof . 

[0068] A multilayer conductive film composed of TiW 

(ICQ nm) / AlSi (400 nm) / TiW (100 nm) is then deposited 
and patterned by a general photolithographic process and 
dry etching process to form the source electrode 24a and 
the drain electrode 24b. The source electrode 24a is con- 
nected to the source -side light -shielding portion 21a, and 
then the source region 16a, via the second source contact 
hole 23a. The drain electrode 24b is connected to the 
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drain-side light -shielding portion 21b, and then the drain 
region 16b and . also the first storage capacitor electrode 
12, via the second drain contact hole 23b. 

[0069] Thereafter, as shown in FIG. 1, a silicon oxide 

film is formed to a thickness of about 300 nm as the fifth 
insulating layer 25 . A TiW film is then formed to a 
thickness of 120 nm and patterned by a general photolitho- 
graphic process and dry etching process, to form the upper 
light -shielding layer 26 provided for blocking light from 
entering the TFT from above. The fifth insulating layer 
25 may not necessarily be formed of the silicon oxide film, 
but may be formed of a silicon nitride film, a silicon ox- 
ide nitride film or a composite film thereof. 

[0070] A silicon oxide film is then formed to a thick- 

ness of about 300 nm as the fourth insulating layer 27. 
Thereafter, as shown in FIGS. 1 and 3D, the pixel elec- 
trode contact hole 28 is formed through the fourth insu- 
lating layer 27 by a general photolithographic process, 
wet etching process and dry etching process to reach the 
drain electrode 24b. Finally, an ITO film is formed to a 
thickness of 100 nm and patterned by a general photolitho- 
graphic process, wet etching process and dry etching proc- 
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ess to form the pixel electrode 29. The pixel electrode 
29 is connected to the drain electrode 24b, and thus elec- 
trically connected to the first storage capacitor elec- 
trode 12. The fourth insulating layer '27 may not 
necessarily be formed of the silicon oxide film, but may 
be formed of a silicon nitride film, a silicon oxide ni- . 
tride film or a composite film thereof. 

[0071] By following the process described above, the 

TFT substrate having the TFT portion shown in FIG. 1 is 
fabricated. Known materials and film formation methods 
may be adopted as the materials, thicknesses and formation 
methods of the components of the TFT portion. The sizes 
such as the film thicknesses may be appropriately changed 
depending on the use and the like of the TFT substrate. 

[0072] Alterations to the TFT substrate of Embodiment 1 

will be described with reference to FIGS. 4 to 7. In 
these drawings, substantially the same components as those 
in FIGS. 1, 2A to 2D and 3A to 3D are denoted by the same 
reference numerals, and the description thereof is omitted. 

[0073] FIG. 4 diagrammatically shows a cross -sectional 

structure of a TFT portion of an alteration to the TFT 
substrate of Embodiment 1. This TFT portion Is different 
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from the TFT portion shown in FIG. 1 in that the drain- 
side light -shielding portion 21b of the first light- 
shielding layer is formed to cover the channel region 16c. 

[0074] FIG. 5 diagrammatically shows a cross-sectional 

structure of a TFT portion of another alteration to the 
TFT substrate of Embodiment 1. This TFT portion is dif- 
ferent from the TFT portion shown in FIG. 1 in that the 
isource-side light -shielding portion 21a and the drain-side 
light -shielding portion 21b of the first light -shielding 
layer are separated from each other at a position above 
the gate electrode 18. 

[0075] Each of the source- side light -shielding portion 

21a and the drain- side light -shielding portion 21b par- 
tially covers the channel region 16o. Light passing 
through the gap between the source-side and drain-side 
light -shielding portions 21a and 21b will not be incident 
on the channel region 16c because the gap is located above 
the gate electrode 18. 

[0076] FIG. 6 diagrammatically shows a cross -sectional 

structure of a TFT portion of yet another alteration to 
the TFT substrate of Embodiment 1. The first light - 
shielding layer further has a middle light -shielding por- 
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tion 21o with no electrical connection with the source- 
side light-shielding portion 21a or the drain-side light- 
shielding portion 21b, placed to cover the channel region 
16o. Since the middle light -shielding portion 21o is 
electrically independent of the source electrode 24a and 
the drain electrode 24b, a constant voltage may be applied 
to this portion from outside the pixel region, for example. 
By holding the middle light -shielding portion 21c, which 
is formed above the channel region 16c (gate electrode 18), 
at a constant voltage, the voltage (potential) at the 
semiconductor layer (polysilicon layer) can be stabilized. 
This advantageously stabilizes the TFT characteristics. 

[0077] FIG. 7 diagrammatically shows a cross -sectional 

structure of a TFT portion of yet another alteration to 
the TFT substrate of Embodiment 1. In this TFT portion, 
the second source contact hole 23a and the second drain 
contact hole 23b are formed at positions in line with the 
first source contact hole 20a and the first drain contact 
hole 20b, respectively. That is, these holes are formed 
to coincide with each other when viewed in the direction 
normal to the substrate. 

[0078] By placing the contact holes as described above , 
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the regions necessary for formation of the contact holes 
can be reduced, and thus the pixel aperture ratio can be 
enhanced • 

[0079] Although the above placement of the contact 

holes in line with each other was applied to the configu- 
ration shown in FIG. 7, the same effect will be obtained 
when this placement is applied to any of the configura- 
tions shown in FIG. 4 to 6. 

( Embodimen t 2 ) 

[0080] The structure and fabrication method of a TFT 

portion of a TFT substrate of Embodiment 2 of the present 
invention will be described with reference to FIGS. 8 and 
9A to 9D. 

[0081] The TFT portion in Embodiment 2 is different 

from the TFT portion in Embodiment 1 shown in FIG. 1 in 
that the semiconductor layer includes LDD regions 36d 
formed on both sides of the channel region 36c, in addi- 
tion to the source region 36a, the drain region 36b and 
the channel region 36o. The other part of the TFT portion 
is substantially the same as that in Embodiment 1. In 
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this embodiment, therefore, plan views as those of FIGS. 
3A to 3D are not presented. The fabrication method of the 
TFT substrate of Embodiment 2 is substantially the same as 
that of Embodiment 1 except for the process step of f cann- 
ing the LDD regions 36d in the semiconductor layer (FIG. 
9B). FIGS. 9A to 9D respectively correspond to FIGS.. 2A 
to 2D. Hereinafter, description will be made focusing on 
the difference in the semiconductor layer, avoiding dupli^ 
cation of description. 

[0082] The TFT portion shown in FIG. 8 includes a first 

storage capacitor electrode 32, a storage capacitor di- 
electric layer i33 and a second storage capacitor electrode 
34 formed on a transparent board (glass board, for exam- 
ple) 31. The overla.p region of these components consti- 
tutes a storage capacitor. 

[0083] A first Insulating layer 35 is foirmed covering 

the storage capacitor, and a semiconductor layer 36 of a 
TFT is formed on the first insulating layer 35. The semi- 
conductor layer 36 has a source region 36a, a drain region 
36b and a channel region 36c formed between the source and 
drain regions. The semiconductor layer 36 further has LDD 
regions 36d between the channel reigion 36c and the source 
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region 36a and between the channel region 3 60 and the 
drain region 36b. 

[0084] A gate Insulating layer 37 Is formed covering 

the semiconductor layer 36, and a gate electrode 38 Is 
formed above the channel region 36c via the gate insulat- 
ing layer 37. The gate electrode 38 is formed from a com- 
mon conductive layer (gate electrode layer) with a gate 
interconnection (scanning line, not shown). 

[0085] A second insulating layer 39 is formed covering 

the gate electrode layer including the gate electrode 38, 
and a first light -shielding layer is formed on the second 
Insulating layer 39. The light -shielding layer has two 
separate parts, a source-side light -shielding portion 41a 
and a drain-side light -shielding portion 41b. The source- 
side light -shielding portion 41ia covers the area of the 
semiconductor layer 36 including the channel region 36o 
and the LDD regionis 36d formed on both sides of the 
channel region 3 60. 

[0086] The source- side light -shielding portion 41a is 

connected to the source region 36a of the semiconductor 
layer 36 via a first source contact hole 40a formed 
through the second insulating layer 39 and the gate Insu- 
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lating layer 37. The drain-side light -shielding portion 
41b is connected to the drain region 36b of the semicon- 
ductor layer 36 via a first drain contact hole 40b formed 
through the second insulating layer 39 and the gate insu^ 
lating layer 37. The drain-side light -shielding portion 
41b is also connected to the first storage capacitor elec^ 
trode 32 via a storage capacitor contact hole 40o formed 
through the second insulating layer 39, the gate insulat- 
ing layer 37 and the first insulating layer 35. The con- 
tact holes 40a and 40b also function to block light from 
entering the channel region 36o from the sides. 

^0087] A third insulating layer 42 is formed covering 

the first light -shielding layer, and a source electrode 
44a and a drain electrode 44b are formed on the third in- 
sulating layer 42. The source electrode 44a and the drain 
electrode 44b are formed from a common conductive layer 
(source electrode layer) with a source interconnection 
(signal line, not shown). The source electrode 44a is 
connected to the source-side light -shielding portion 41a, 
via a second source contact hole 43a formed through the 
third insulating layer 42. The drain electrode 44b is 
connected to the drain-side light -shielding portion 41b 
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via a second drain contact hole 43b formed through the 
third Insulating layer 42. 

[0088] A fourth Insulating layer 47 is formed on the 

source electrode 44a and the drain electrode 44b, and a 
pixel electrode 49 is formed on the fourth insulating 
layer 47. The pixel electrode 49 is connected to the 
drain electrode 44b via a pixel electrode contact hole 48 
formed through the fourth Insulating layer 47. The pixel 
electrode 49 is typically formed from a transparent con- 
ductive layer. 

[0089] The illustrated embodiment further includes a 

fifth insulating layer 45 and a second light -shielding 
layer (upper light shielding layer) 46 between the source 
electrode layer including the source electrode 44a and the 
drain electrode 44b and the fourth insulating layer 47. 
The fifth insulating layer 45 is formed covering the 
source electrode layer, and the second light -shielding 
layer 46 is formed above at least the gap between the 
source electrode 44a and the drain electrode 44b via the 
fifth insulating layer 45. By providing the second light- 
shielding layer 46, the amount of light incident on the 
channel region 46c and the LDD regions 46d of the semicon- 
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ductor layer 46 can be reduced. 

[0090] The TFT portion can be fabricated by a method 

similar to that for the TFT portion 10 in Embodiment 1, as 
is diagrammatically shown in FIGS. 9A to 9D. 

[00911 First, as shown in FIG. 9A, the first storage 

capacitor electrode 32, the storage capacitor dielectric 
layer 33 and the second storage capacitor electrode 34 are 
formed in the manner described in Embodiment 1. 

[0092] As shown in FIG. 9B, using the gate electrode 38 

as the mask, phosphorus ions are implanted in the crystal- 
line silicon layer (semiconductor layer) 36 in an amount 
of about 5 X 10^^ atoms/cm^, to form the LDD regions 36d: 
Subsequently, after covering the gate electrode 38 and 
part of the LDD regions 36d by a general photolithographic 
process, phosphorus ions are again implanted in the crys- 
talline silicon layer 36 in an amount of about 2 x lo^^ at- 
oms/cm^, to form the source region 36a and the drain 
region 36b. The portion left unimplanted constitutes the 
channel region 36c. 

[0093] With the LDD regions 36d formed between the 

channel region 36c and the source region 36a and between 
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the channel region 36o and the drain regions 36b, OFF cur- 
rent, which Is a pixel TFT characteristic, can be reduced, 
and this permits further Improvement of the display qual- 
ity of the liquid crystal panel. 

[0094] Thereafter, as shown in FIGS. 9C and 9D, the TFT 

substrate having the TFT portion shown in FIG. 8 is fabri- 
cated by following the process steps described in Embodi- 
ment 1. In this embodiment, however, the source -side 
light-shielding portion 41a is formed covering at least 
the channel region 36c and the LDD regions 36d. 

[0095] As in Embodiment 1, in the TFT portion in Em- 

bodiment 2 configured as described above, the light- 
shielding layer is placed near the channel region 36o and 
the LDD regions 36d. This improves the light shielding 
property against light entering the channel region 36o 
from the sides, which . is conventionally Insufficient, and 
thus improves the display quality. 

[0096] Moreover, the drain- side light -shielding portion 

41b, connected to the drain region 36b, is also connected 
to the first storage capacitor electrode 32 via the stor- 
age capacitor contact hole 40c. Therefore, the connection 
with the drain region 36b of the TFT can be attained wlth- 
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out the necessity of providing a too deep contact hole for 
connection with the storage capacitor placed below the TFT. 
Thus, a sufficient margin can be given for possible in- 
process failure due to overetching during dry etching, 
such as penetration and contact cut at a step. This con- 
tributes to Improvement of the productivity and yield of 
the TFT substrates . 

[0097] Knotim materials and film foannation methods may 

be adopted as the materials, thicknesses and formation 
methods of the components of the TFT portion shown in FIG. 
8. The sizes such as the film thicknesses may be appro- 
priately changed depending on the use and the like of the 
TFT substrate. 

[0098] Alterations to the TFT substrate of Embodiment 2 

will be described with reference to FIGS. 10 to 13. In 
these drawings, substantially the same components as those 
in FIGS. 8 and 9A to 9D are denoted by the same reference 
numerals, and the description thereof is omitted. 

[0099] FIG. 10 diagrammatically shows a cross-sectional 

structure of a TFT portion of an alteration to the TFT 
substrate of Embodiment 2. This TFT portion is different 
from the TFT portion shown in FIG. 8 in that the drain - 
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side light -shielding portion 41b of the first light - 
shielding layer is formed to cover the channel region 36c 
and the LDD regions 36d. 

[0100] FIG. 11 diagrammatically shows a cross -sectional 
structure of a TFT portion of another alteration to the 
TFT substrate of Embodiment 2. This TFT portion is dif- 
ferent from the TFT portion shown in FIG. 8 in that the 
source-side light -shielding portion 41a and the drain-side 
light -shielding portion 41b of the first light -shielding 
layer are separated from each other at a position above 
the gate electrode 38. 

[0101] Each of the source-side light -shielding portion 
41a and the drain-side light -shielding portion 41b par- 
tially covers the channel region 36o and the LDD regions 
36d. Light passing through the gap between the source- 
side and drain -side light -shielding portions 41a and 41b 
will not be incident oil the channel region 36o or the LDD 
regions 36d because the gap is located above the gate 
electrode 38 . 

[0102] FIG. 12 diagrammatically shows a cross -sectional 
structure of a TFT portion of yet another alteration to 
the TFT substrate of Embodiment 2. The first light- 
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shielding layer further has a middle light -shielding por- 
tion 41o with no electrical connection with the source - 
side light -shielding portion 41a or the drain- side light - 
shielding portion 41b, placed to cover the channel region 
36c and the LDD regions 36d- Since the middle light - 
shielding portion 41o is electrically independent of the 
source electrode 44a and the drain electrode 44b, a con- 
stant voltage may be applied to this portion from outside 
the pixel region, for example. By holding the middle 
light -shielding portion 41o, which is formed above the 
channel region 36c (gate electrode 38), at a constant 
voltage, the voltage (potential) at the semiconductor 
layer (polysilicpn layer) can be stabilized. This advan- 
tageously stabilizes the TFT characteristics. In addition, 
the current flowing in the LDD regions may be increased 
with the potential of the middle light -shielding portion 
41o, to thereby increase ON current of the TFT. 

[0103] FIG. 13 diagrammatically shows a cross -sectional 
structure of a TFT portion of yet another alteration to 
the TFT substrate of Embodiment 2. In this TFT portion, 
the second source contact hole 43a and the second drain 
contact hole 43b are formed at positions in line with the 
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first source contact hole 40a and the first drain contact 
hole 40b, respectively. That is, these holes are formed 
to coincide with each other when viewed in the direction 
normal to the substrate. 

[0104] By placing the contact holes as described above, 
the regions necessary for formation of the contact holes 
can be reduced, and thus the pixel aperture ratio can be 
enhanced . 

[0105] Although the above placement of the contact holes 
in line with each other was applied to the configuration 
shown in FIG. 13, the same effect will be obtained when 
this placement is applied to any of the configurations 
shown in FIG. 10 to 12. 

[0106] According to the present invention, in an active 
matrix display device having a storage capacitor for each 
pixel, and in an active matrix substrate used for the ac- 
tive matrix display device, light is effectively blocked 
from entering a semiconductor layer while reduction in ap- 
erture ratio is suppressed. 

[0107] According to the present invention, an active ma- 
trix substrate with high aperture ratio, high definition 
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and excellent light resistance can be fabricated with high 
productivity. Such an active matrix substrate can be 
suitably applied to a projection display device, in par- 
ticular. 

[0108] While the present invention has been described in 
preferred embodiments, it will be apparent . to those 
skilled in the art that the disclosed invention may be 
modified in numerous ways and may assume many embodiments 
other than that specifically set out and described above. 
Accordingly, it is intended by the appended claims to 
cover all modifications of the invention that fall within 
the true spirit and scope of the invention. 
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